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Sulfurization may be due to nucleophilic attack of these anions on the carbonyl C-atom followed by elimination of O2PS0 or OPSf (4), respectively, e.g. If R1 or R2 is a good leaving group (as in acid chlorides), no thiono compound (3) is obtained11, probably as a consequence of substitution of the leaving group. For aromatic ketones, the reaction rate is lower when R1 or R2 is electronegative, suggesting that nucleophilic attack of the negative oxygen on phosphorus in the addition product is rate-determining.
In general, the reaction rates are higher in acetonitrile than in the other solvents used (see Table) , but the nitrile is not completely inert towards P4S10. During work-up under hydrolyzing conditions, thioacetamide is formed as a side product. With more reactive compounds such as carboxamides, even diethyl ether can be used as a solvent, although it does not give clear solutions with the sulfurizing agent. With esters, except formates, the best yields of thione derivatives are obtained when no solvent and only a catalytic amount of sedium sulfide or hydrogen-carbonate is used. We have no explanation for these observations.
Conversion of Carbonyl Compounds into Thiono Compounds; Gen eral Procedure:
All sulfurization reactions were performed by dissolving the carbonyl compound in a suitable solvent, adding the solution of P4.S10 in the same solvent, and adding solid sodium-hydrogen carbonate to the mixture under stirring and at such a rate as allowed by the evolution of carbon dioxide. Stirring was then continued for several hours. Experimental details are given in the Table. Isolation of the products was performed using several, slightly different procedures: Iso la tio n Procedure A: The reaction mixture was poured into water. The solid product which separated was isolated by filtration, washed several times with water, and dried at low pressure (0.5 torr) and ~50°. Is o la tio n Procedure B: Ether was added to the reaction mixture. The ethereal solution was washed several times with aqueous sodium-hydrogen carbonate (5 %) and water, dried, and distilled at low pressure. Iso la tio n P rocedure C: The reaction mixture was diluted with ether, filtered, and the filtrate distilled at low pressure. Is o la tio n P rocedure D: Low-boiling reaction products were distilled from residual phosphorus compounds in the reaction mixture at low pressure and collected in a dry-ice trap. They were purified by redistillation. Using these procedures, the products contained in some cases small amounts (up to 10 %) of the starting compound. Pure sam ples (> 95%), however, could be obtained by redistillation or recrystallization. O-Ethyl thioacetate contained some S-ethyl thioacetate, which could not be separated by distillation. To obtain a pure sample, the S-ethyl thioacetate was converted into ethyl dithioacetate via the sulfurization described. The relevant mixed anhydrides decompose readily at higher temperatures and in the presence of acids and bases. Thus, we performed our first experiments at 0° using iron(III) chloride3 as a catalyst; formaldehyde was introduced into ethereal solutions of mixed anhydrides. However, the yields of mixed acylals obtained under these conditions were very low due to polymerization of the aldehyde and decomposition (evolution of gas) of the anhydride.
With acetaldehyde, the yields were better (up to 50%), but the reaction mixtures always contained substantial amounts of the ethyhdene dicarboxylate with identical acid residues. In some cases, complete separation of this side product from the desired alkylidene carboxylate formate was difficult or even impossible. Ethylene diformate was never found, probably due to its low stability.
Because the use of pure mixed anhydrides did not prevent the formation of acylals with identical acid residues, we modified the procedure, replacing the mixed anhydride by a formic acid-carboxylic acid mixture. It is known that such mixtures contain the mixed anhydride as a consequence of equilibrium (1).
(1)
In Reaction (2 ), the weaker acid will react more readily thari formic acid, though not exclusively. Any alkylidene diformate resulting from the participation of formic acid in Reaction (2) will in any case decompose in the acidic medium; it was never found as side product. The hypothetical intermediate semi-acylal 3 could not be detected
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The best results were obtained when the anhydride and formic acid were used in excess (50% and 500%, respectively). If the molar ratio between aldehyde and an hydride is higher, a,a'-acyloxyethers, e.g. Chim. 83, 1287, 1294 (1964) .
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l-alkylazetidin-3-ols (1) using various oxidising agents was investigated; in most of the cases, opening and fragmentation of the ring was observed. When milder oxidising
agents were used no oxidation was observed and the starting material was recovered unchanged. However, using chromic acid in acetic acid under carefully controlled conditions it was possible to oxidise the azetidin-3-ols (la and 1b) to the corresponding 3-ones (2 a and 2 b). Ketones 2 were unstable at room temperature; ketone 2 a could be stored at 0-5° for several weeks without significant decomposition, whereas 2b could not be stored for more than 12 hours without less than 60% decomposition. 
